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Abstract

As it is well-known, the well stimulation methods are getting more popular recently due to the
increased significance of unconventional hydrocarbon resources. The hydraulic fracturing is one of
the most frequently used treatments because of its large impact on the productivity index of the well.
This paper presents a fracturing optimization algorithm which can be used effectively in evaluation
period of the projects since it needs only the most important parameters of the given reservoir. This
method provides both technical and economical optimization in hydraulic fracturing point of view.
It is able to determine the most important fracking parameters which could provide the maximum
NPV of the project with this algorithm.

Keywords: hydraulic fracturing, optimization, unconventional hydrocarbon, NPV
1. INTRODUCTION

The hydraulic fracturing is a multidisciplinary science, it needs very complicated engineering skills
and in addition it is a quite expensive treatment therefore all effects should be considered in a
fracking design procedure. It is obvious that the greater the treatment the greater the treatment’s
effect will be however there is a point considering the “size” of the treatment after that the profit
resulted by the fracturing will be less than the costs of the procedure. Fig. 1 illustrates the NPV
values of the fracking treatment as the function of the fracture half-length which is representing the
size of the fracturing.
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Figure 1 NPV of Treatment
Investigating the fracturing, a huge number of parameters might be taken into account. On one hand
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it depends on which period of the project is actual, on the other hand how many data are available.
As it was mentioned before this type of algorithm offers an optimization method in the early period
of the project thus it integrates approximations, simplifications to be able to determine optimal
parameters of fracturing. However a very important parameter was also integrated in the algorithm
by which the application of the process was extremely extended. Well path is one of the most
influencing parameter considering any kind of problem in petroleum engineering, therefore this
optimization method can be applied also in case of vertical, deviated and horizontal wells providing
diversification for the algorithm. As the results proved significant differences can be observed in
variant cases.

2. MODEL

Considering the versatility and the complexity of the fracturing and the behaviour of several
reservoirs, the operation of the algorithm was interpreted in relatively short range. However it must
be emphasized that the process could be used for any kind of reservoirs and fluids with the
necessary modifications. In the following the most important model properties are introduced.

Fracture geometry

The improved productivity of the well is closely related to the increased inflow surface which is in
fact the fracture surface. Fracture opens always in the least resistance direction, in a given stress
field fracture tries to propagate so as to avoid the greatest stress and it creates width in direction that
requires the least force. It means that fracture propagates parallel to the maximum horizontal stress
and perpendicular to the minimum horizontal stress. As the service companies, this model also
assumes that fracture is created in the whole height of the layer. Fig. 2 represents the fracture
geometry in vertical wells.

et

- -

Figure 2 Fracture geometry in vertical well

Compared to vertical wells, fracture geometry in horizontal wells is completely different. Basically
two types of fracture geometry can be defined in case of horizontal wells. If the well path is parallel
to the maximum horizontal stress longitudinal fracture will be created, if the well is perpendicular to
the maximum horizontal stress (parallel to the minimum horizontal stress) transverse fracture(s) will
be created. In the longitudinal case, the facture properties are the same as in the vertical well case.
However the transverse fractures play a more significant role in the fracturing treatment. Although
the inflow parameters of a transverse fracture are less favourable, this kind of treatment has the
possibility to create more parallel transverse fractures (multi-fractured horizontal well) providing a
significantly better inflow condition. Fig. 3 illustrates the fracture geometry in horizontal wells.
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Figure 3 Fracture geometries in horizontal wells

According to the quite different fracture geometry in transversely fractured well several other effect
has to be considered. Especially the limited contact area between the well and the reservoir that
results a huge velocity increase in the inflow which requires another flow theory to consider
correctly the flow.

Proppant distribution

One of the most important segment of fracking is the so-called proppant which propped the created
fracture and provides a support not to collapse the fracture. Without going into details, the proppant
distribution is a critical point considering the effectiveness of the treatment because it provides the
conductivity of the flow pattern. The algorithm considers the proppant distribution on
inhomogeneous way (as shown in Fig. 4) which makes the model much more realistic.

R g s
oy g Vertical sections.

E _'-\\ 'i‘;_-_‘..:__‘h-

e T~ L
: ) R |
(%] S
e ~ o
E : |
=) ) / \
- I
§ 7 7 5 .
== 1 el )

Figure 4 Proppant distribution

The cross section of the fracture is divided into vertical and horizontal cells thus the inhomogeneity
due to the loss in proppant transport and the gravitational segregation can be considered as a
proppant pack permeability decrease.

Other parameters

According to the high flow rates, the effect of turbulence has to be taken into account. This non-
Darcy flow concept was also integrated into the algorithm as a separated small cycle. In addition in
case of transversely fractured horizontal wells a choke skin effect was also considered due to the
converging radial flow which results a significant drop in the flow rates.
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To demonstrate the results on a relatively simple way, a closed dry gas reservoir was chosen. As the
production is run, the reservoir pressure drops which results a production drop also in the flow rates
considering a constant depression. A material balance equation was used to cope with this problem,
Fig. 5 shows this perfectly.
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Figure 5 Pressure decrease in a closed reservoir
3. ALGORITHM

The optimization method presented in this paper is based on a multistage algorithm which includes
main cycles. The main cycles contain more small cycles and calculations. The technical
optimization is made by the so-called UFD (Unified Fracture Design) model which gives the
maximum productivity indexes in function of the proppant masses. The economical optimization
and the solution of other petroleum engineering problems are based on personal considerations.
Table 1 summarizes the most important input parameters while Fig. 6 illustrates the operation of the
algorithm with a flow chart, it symbolizes the main cycles of the algorithm.

Table I Input Parameters

Parameter .Symbc.)l Parameter .Symbc.)l
[dimension] [dimension]

Reservoir height h[m] Gas specific density vI[-]
Reservoir permeability k [mD] Proppant pack permeability ks [mD]
Reservoir pressure Pr[bar] Proppant bulk density p [kg/m’]
Bottom hole pressure Pwy [bar] Original gas in place Gi[nm’]
Drainage area length Xe [m] Well radius rw [inch]
Reservoir temperature T [K] Crash factor Cr [%]
Gas dynamic viscosity u [cP] Treatment costs S: [MHUF]

305




INTERNATIONAL SCIENTIFIC CONFERENCE ON
ADVANCES IN MECHANICAL ENGINEERING

13-15 October 2016, Debrecen, Hungary PR et

i

I il
D

Proppant mass;
Input parameters

Proppant mass;
Input parameters

Proppant mass;
Input parameters

Proppant mass;
Input parameters

Proppant mass;
Input parameters

Proppant mass;
Input parameters

Propp. inhomageneous| [Propp. inhomogeneous|  |Propp. inhomogeneous Propp. inhomogeneous| |Propp. inhomogeneous| |Propp. inhomogeneous

distribution idistributian \distribution idistribution idistribution idistribution
Turbulence Turbulence Turbulence Turbulence Turbulence Turbulence
Pressure drop | ‘ Pressure drop | | Pressure drop | ‘ Pressure drop ‘ ‘ Pressure drop | ‘ Pressure drop
Economics Economics Ecanomics Economics Economics Economics
-
5 ' '
I | :
| |
c | | |
0 |
= | | | | |
E | | | | |
> l | | |
o | | | I |
= | | | | |
| | | | | -
Prannant mace kel
Figure 6 Flow chart
4. RESULTS

To show the operation of the optimization method, the algorithm was run with Hungarian input
parameters which represent a typical tight gas reservoir in a Hungarian field. Different proppants
were chosen to demonstrate the impact of proppant properties. Fig. 7 shows the NPV curves in
function of proppant masses pumped down into a vertical well. As the flow chart illustrates (Fig. 6)
the actual treatment parameters like fracture half-length, fracture conductivity, improved
productivity index etc. can be also determined. In addition varying technical (fluid type, reservoir
pressure and temperature, drainage area, well data, proppant size, OGIP or OOIP) and economical
(drilling cost, treatment cost, CAPEX, OPEX) parameters sensitivity tests can be carried out and
several significant and interesting effects can be concluded.
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Figure 7 NPV curves
CONCLUSION

Applying the developed multistage algorithm fracturing projects can be prejudged and the
profitability of the investment can be evaluated. With this method, the optimal treatment parameters
can be determined. It also provides a kind of economical and technical optimization. In addition
several types of sensitivity tests can also be conducted, thus the impact of technical (like proppant
properties, reservoir parameters etc,) and economical (like gas or oil prize, OPEX, CAPEX)
parameters can be investigated.

ACKNOWLEDGEMENT

The research was carried out in the framework of the GINOP-2.3.2-15-2016-00010 "Development
of enhanced engineering methods with the aim at utilization of subterranean energy resources"
project in the framework of the Széchenyi 2020 Plan, funded by the European Union, co-financed
by the European Structural and Investment Funds.

Furthermore Tamds Lengyel and Patrik Pusztai appreciate the support of The New National
Excellence Program granted by the Ministry of Human Capacities.

REFERENCES

[1] ADVANTI, S. H-KHATTIB, H.-LEE, J. K.: Hydraulic Fracture Geometry Modeling,
Prediction and Comparisons, In: paper SPE, 13863, 1985.

[2] ECONOMIDES, Michael J.-MARTIN, Tony: Modern Fracturing. Enhancing Natural Gas
Production, 2007.

[31 LENGYEL, T.: Horizontdlis kiit hidraulikus rétegrepesztés optimalizdldsa, Thesis, Miskolc,
2015.

[4] PUSZTAIL P.: Ferditett kiit hidraulikus rétegrepesztés optimalizdldsa, Thesis, Miskolc, 2015.

[5] ZHANG, Y.-EHLIG-ECONOMIDES, C. A.: Inflow Performance for a Hydraulic Fracture in
a Deviated Well. In: paper SPE, 119345, 2009.

307



	1_fedlap+eleje_2016
	2_tartalomjegyzek_2016
	ISCAME_Lengyel_cikk_OKHD

